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Application of energy storage devices with renewable energy generation with
a key measure to reduce the resilience of fossil fuel. Energy stored in the grid-
integrated electric vehicle is an alternative to support the intermittent renewable
energy sources.

This work present the design and construction of a bidirectional isolated
battery charger for electric vehicle with the vehicle to grid (V2G) operation which is a
part of the smart grid system. The prototype consists of a single-phase bidirectional
AC-DC converter with low line current distortion, and a dual active bridge DC-DC
converter with a 20-kHz transformer for galvanic isolation. The prototype charger has
the rated power of 1.5 kVA for the 220-V 50-Hz single-phase system with the DC bus
voltage of 360 -400 V and battery voltage of 42 -52 V. The charger circuit was tested
with an 83-F 64-V supercapacitor emulated as the electric vehicle battery. In the
charging mode with a battery current approximately of 18 A with the battery voltage
of 42 - 52 V, the efficiency was found to be 85%-87% with a total harmonic
distortion (THD) in the line current less than 3.4%. The efficiency in the V2G mode
with an 18-A discharging battery current at the battery voltage of 52-42 V was 80%-
82% with the line current THD less than 4.9%. The prototype battery charger can the
maximum reactive power of +1 kVar with the line current THD below 2.4%.

The highlight of this research is the proposed unified unbalanced synchronous
reference frame current control of the AC-DC converter, which is equivalent to an
ideal proportional resonant controller. This allows a rapid response to the line
current command with a steady state line current error. The propose control scheme

is robust to the converter parameter uncertainty, and it has good stability due to the



absence of orthogonal signal generation for axis transformation. The proposed line
current control methodology can be adopted in other applications such as single-
phase grid-connected photovoltaic inverters.

This prototype converter can be further developed as a Level-2 on-board
electric vehicle battery charger by adding a battery management system and

communication protocol for smart grid connectivity.
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